). This is in contrast to the unshrunken appearance of cells cooled directly to the storage temperature ( Fig IB) .
One of the most important questions in cryobiology at present is whether the protection afforded during slower cooling can be explained entirely by the time for the cells to shrink during cooling, thus minimizing intracellular ice injury on thawing. One other possibility is, however, that the time in the subzero conditions alters the sensitivity of the cellular membranes in some way so that they become insensitive to injury on subsequent cooling.
There are still many areas of enquiry in the study of the mechanisms of cellular injury. One example is that of extra protection conferred during the rewarming phase. Examples of this phenomenon are given by Dr Polge (below) , who describes the finding that embryos are damaged less during slow thawing than during rapid thawing. Future advances in techniques of cellular preservation, selection or destruction will come from further understanding of how freezing and thawing injures cells. Since the discovery of a successful method for freezing bull semen in media containing glycerol (Smith & Polge 1950) and the application of this technique to artificial insemination (Polge & Rowson 1952) , frozen bull semen has been used increasingly in cattle breeding throughout the world. The storage of bull semen in liquid nitrogen now constitutes the routine method for semen preservation in the majority of countries.
It is therefore used for the insemination of many millions of cows per year and it is clearly one of the most important practical applications of low temperature biology. In cattle, thesedevelopments have been possible because the conception rate obtained with frozen-thawed semen of most bulls is equivalent to that of fresh semen even when very low numbers of sperm are used for insemination (Jondet 1975). Simple and efficient methods of dispensing the semen in small straws (0.2 ml) and freezing in nitrogen vapour have now been Section of Comparative Medicine developed and yield a high recovery rate of sperm (Jondet 1972) . Samples have been preserved satisfactorily for over twenty years and the long-term preservation which is now possible at low temperatures enables the quarantining of semen which is required for international exchange as well as the establishment of the most efficient breeding programmes in any one country.
By contrast, fertility in other domestic animals, notably the sheep and pig, inseminated with frozen-thawed semen has generally been very much lower than that with fresh semen and practical applications have been limited. Good revival of sperm motility after thawing has been achieved with the semen of both these species frozen in a variety of media containing glycerol and using different cooling regimes (Salamon 1968 , Salamon et al. 1973 . The reduction in fertility following artificial insemination (Al) appears to be associated at least in part with an impaired efficiency of sperm transport and survival in the female reproductive tract since.high fertilization rates result when the thawed semen is introduced directly into the uterus or oviducts by surgical means (Salamon & Lightfoot 1967 , Polge et al. 1970 . Deep cervical or intrauterine insemination is the usual practice in cattle, but this is generally not possible in sheep, and in the pig the main barrier to sperm transport is the uterotubal junction. Nevertheless, using conventional methods of Al in sheep conception rates around 50 % have been obtained with semen frozen by the pellet method, thawed in a solution and reconcentrated before insemination (Salamon 1972) . A major problem with boar sperm is that the addition ofglycerol to the semen reduces fertilizing capacity even before the semen is frozen (Wilmut & Polge 1974 ) and glycerol or other permeating cryoprotective agents also cause structural damage to the sperm acrosome during freezing and thawing and a loss of intracellular enzymes (Graham & Crabo 1972) . The use of sugars and egg yolk as the main cryoprotective agents coupled with rapid freezing and thawing techniques have recently led to much improved fertility in pigs inseminated with frozen-thawed semen (Pursel & Johnson 1975) and practical applications are now feasible.
Retention of fertilizing capacity by human sperm frozen and thawed in the presence of glycerol was demonstrated many years ago (Bunge & Sherman 1953) , but clinical application has been quite limited and for the most part restricted to the USA. Over the past twenty years, however, clinical use of frozen semen has resulted in at least 700 normal births (D M Richardson, personal communication). There appears to be little or no loss in fertility due to freezing when semen of good quality has been used in AID programmes (Behrman & Sawada 1966 , Tyler 1973 ), but it is likely that individual differences between donors exist as has been found with the semen of domestic animals. Human semen has been frozen successfully in fairly complex media (Sawada 1964) or simply after the addition of neat glycerol to the semen before cooling in nitrogen vapour (Sherman 1963) . Pregnancies have been obtained with semen stored for up to ten years in liquid nitrogen (Sherman 1973) . Applications of techniques for banking human semen appear likely to increase in the near future, particularly for storage of semen before vasectomy or in cases in which potentially sterilizing procedures such as iherapeutic irradiation are involved. In cases of oligospermia it may also be possible to pool and concentrate a number of ejaculates and thereby increase the chances of obtaining pregnancies by means of Al.
A relatively new development in low temperature biology has been the discovery of successful techniques for the preservation in liquid nitrogen of embryos of several species including mouse, rabbit, sheep and cow. Optimal conditions for the preservation of mouse embryos involve addition of media containing 1.5 molar dimethylsulphoxide followed by very slow cooling (0.1-0.3°C/min) and slow rewarming (10-12'C/min) (Wilmut 1972 , Whittingham et al. 1972 . Survival, over 50 % in some experiments, has been obtained with all preimplantation stages of mouse embryos from the one-cell stage to blastocyst, and normal young have been produced following transplantation of thawed embryos. Experiments with sheep embryos have also resulted in the birth of normal lambs following transplantation of morule and early blastocysts frozen and thawed by similar techniques kWilladsen et al. 1976). By contrast, early developmental stages of cow embryos, at least up to the morula, appear to be very sensitive to cooling per se and very few survive a reduction of their temperature to 0°C (Trounson et al. 1976 ). However, later stages such as the expanding or hatched blastocyst not only withstand cooling but also freezing and thawing. Some time ago a calf was born following transplantation of a frozen-thawed blastocyst (Wilmut & Rowson 1973 ) and more calves have now been produced from frozen-thawed blastocysts obtained on Day 7 or 8 after cestrus. In the pig, no embryos at any stage of development examined so far have survived cooling to temperatures below 1 5°C.
The low temperature preservation of special strains of mouse embryos required for laboratory 23 561 562 Proc. roy. Soc. Med. Volume 69 August 1976 24 experiments is now being developed as a practical technique. In domestic animals, especially cattle, commercial application of embryo transplantation is already established and the low temperature preservation of embryos will undoubtedly become a practical proposition in the near future.
